Numerous environmental justice studies have confirmed a relationship between population characteristics such as low-income or minority status and the location of environmental health hazards. However, studies of the health risks from exposure to harmful substances often do not consider their toxicological characteristics. We used two different methods, the unit-hazard and the distance-based approach, to evaluate demographic and socio-economic characteristics of the population residing near industrial facilities in the City of Toronto, Canada. In addition to the mass of air emissions obtained from the national pollutant release inventory (NPRI), we also considered their toxicity using toxic equivalency potential (TEP) scores. Results from the unit-hazard approach indicate no significant difference in the proportion of low-income individuals living in host versus non-host census tracts (t(107) = 0.3, P = 0.735). However, using the distance-based approach, the proportion of low-income individuals was significantly higher (+5.1%, t(522) = 6.0, P <0.001) in host tracts, while the indicator for "racialized" communities ("visible minority") was 16.1% greater (t(521) = 7.2, P <0.001) within 2 km of a NPRI facility. When the most toxic facilities by non-carcinogenic TEP score were selected, the rate of visible minorities living near the most toxic NPRI facilities was significantly higher (+12.9%, t(352) = 3.5, P = 0.001) than near all other NPRI facilities. TEP scores were also used to identify areas in Toronto that face a double burden of poverty and air toxics exposure in order to prioritise pollution prevention.
Introduction
Extensive research confirms that an individual's health is affected by the social, biophysical and economic conditions of the places in which he or she is born, grows, lives, works and ages (e.g. Raphael, 2004; Marmot and Wilkinson, 2006; CSDH, 2008) . In particular, social and economic conditions of a population or an individual determine their risk of becoming ill and their ability to prevent or treat health problems. Research conducted in Canada and elsewhere consistently suggests that lower-income and minority groups face significant inequalities in health status (e.g. Lille-Blanton, 1996; Nazroo, 2003; Toronto Public Health, 2008) . This is often viewed as arising from overlapping hardships that result from injustice (Wakefield and Baxter, 2010) . This perspective of "compounded disadvantage" demonstrates direct linkages between environment and human health, raising issues of social injustice.
One of the factors that could contribute to poorer health in some population groups is inequitable exposure to environmental hazards such as industrial air pollution. Industrial facilities contribute to the complex mix of air pollution in cities that can adversely affect the health of residents. Their emissions include common air contaminants such as particulate matter, nitrogen oxides and ozone that are linked to cardiovascular and respiratory effects, including reduced lung function, asthma and chronic obstructive pulmonary disorder (Dockery et al., 1993; Schwartz, 1994; Samet et al., 2000; Brunekreef and Holgate, 2002; Pope et al., 2002; Samet and Krewski, 2007) . Industrial facilities also emit air toxics, long-term exposure to which is associated with development of cancer or other serious conditions such as reproductive effects or birth defects (Caldwell et al., 1998; Cohen, 2000; US Environmental Protection Agency, 2012) . Examples of air toxics include benzene, perchlorethlyene and lead.
Indeed much of the existing environmental justice research suggests that the likelihood of living close to an industrial polluter falls disproportionately on minority and economically deprived communities. Benjamin and Lee (1987) found that across the United States of America (USA), poor and minority residents disproportionately occupied zip codes with commercial hazardous waste facilities. A 1994 update to the study found that the disparities had worsened, and that the chance of non-whites residing near landfills was 47% greater than for whites (Goldman and Fitton, 1994) . Since then, a number of studies focused on populations living near pollution sources have reported similar findings (Chakraborty and Armstrong, 1997; Daniels and Friedman, 1999; Allen, 2001; Pastor et al., 2005; Abel, 2008) .
Some research has gone a step further to explore whether there is a correlation between the degree of hazard posed by a facility and the likelihood of finding minority and low-income populations living nearby. Such efforts acknowledge that some polluters pose relatively greater risks to nearby populations than others because they emit either larger quantities of pollutants, or they emit pollutants that are more toxic. Sicotte (2010) assigned hazard points to Philadelphia facilities and found that hazard burdens tended to be concentrated in areas with more minority residents, more vacant housing units, and more adults without a high-school diploma. Hipp and Lakon (2010) found that in six Southern California (USA) census tracts, those with more Latinos and Asians were more likely to be exposed to toxic waste, while those with a high proportion of residents with post-secondary education were less likely to be exposed. The effects were stronger when weights were applied to account for toxicity of the waste. However, in another study the relationship between the hazard ranking of a toxic release inventory facility and a neighbourhood's socio-economic status was not significant (Neumann et al., 1998) .
Others have used information about the degree of hazard posed by facility emissions to identify neighbourhoods experiencing a "double burden" of both disproportionate levels of toxic emissions and disproportionate levels of poverty. Abel (2008) and Ash et al. (2009) used risk-screening environmental indicators (RSEI) to identify minority and low-income neighbourhoods subject to the most toxic emissions in metropolitan St. Louis (Missouri) and across the USA, respectively. Both analyses demonstrated environmental injustice arising from exposure to industrial emissions, and identified specific communities that experience the double burden of disproportionate levels of toxic emissions coupled with high poverty and/or predominance of minority populations.
Much of the existing environmental justice research originates in the USA. It is not clear whether American findings about the links between race, socio-economic status and proximity to industrial or hazardous sites are likely to translate directly to the Canadian context (Nnorom, 2011) or other societies world-wide. In contrast to Americans, Canadians benefit from universal health care and social programming based on progressive taxation (Buzzelli, 2008) , which could reduce disparities in access to health services and social supports. Others argue that the racial "ghettoization" seen in many US cities is not occurring in Canada, but that income-based segregation may be more relevant (e.g. Walks and Bourne, 2006) .
While some Canadian research suggests that inequities may exist in terms of exposure to ambient air pollution (Buzzelli and Jerrett, 2004; Crouse et al., 2009 ), there is little information characterising the populations living in proximity to industrial polluters in Canada. One such study identified 17 neighbourhoods within the City of Toronto, Canada that had both a high mass of air emissions and a poverty rate above the national average of 11.8%, but the authors did not consider the toxicity of emissions (Rang et al., 2008) . We review their findings considering both the mass and toxicity of emissions in order to provide a more complete understanding of the double burden of environmental hazard and socio-economic marginalisation across Toronto neighbourhoods.
Despite the recognition that air pollution poses a health risk to residents of Toronto, to date, there has been limited investigation of whether persons with low socio-economic or minority status are differentially exposed to air pollution based on where they live. As in other major cities, gentrification (socio-economic neighbourhood change) in Toronto has forced many low-income households to settle in, or move to, less advantaged communities (Filion, 1991) . Although it is reasonable to expect that these communities are located closer to industrial areas of the city, there is no known analysis of where populations may be exposed to particularly toxic emissions. This information would aid in prioritising pollution prevention strategies across the city, enabling areas of greatest toxicity and greatest disparity to be targeted first.
The objective of this research is to inform prioritysetting for pollution prevention by characterising neighbourhoods near large industrial air polluters. We aim to identify: (i) which Toronto neighbourhoods may be exposed to the most harmful airborne industrial emissions, when both mass and toxicity of emissions are considered; (ii) whether these neighbourhoods are more likely to be characterised by populations who are already at risk of unequal health outcomes due to "racialization" or socio-economic disadvantage; and (iii) where toxic emissions and racial or socio-economic disadvantages converge spatially.
Materials and methods

Study area
The study was carried out in the City of Toronto, the centre of Canada's largest metropolitan region and one of Canada's most ethnically diverse cities, with over half of residents born in another country, and over 140 languages and dialects spoken. In Toronto, the common air contaminants contribute to approximately 1,700 premature deaths and 6,000 hospitalizations each year (Toronto Public Health, 2004) . While the burden of illness from toxic air contaminants is unknown, reviews of local data suggest that air toxics are likely to be present in Toronto's air at levels that pose a risk to health (Toronto Public Health, 2002 .
Facility locations and emissions data
The national pollutant release inventory (NPRI) was established by the Government of Canada in 1992 for the purpose of recording substance releases and transfers to air, water and land, as well as disposals and offsite transfers for recycling from large industrial, commercial, institutional and public works facilities across Canada on an annual basis (Environment Canada, 2010) . Facilities with 10 or more full-time employees and/or who are subject to reporting requirements have to report to the NPRI (Environment Canada, 2009 ). In 2007, facilities were required to report on 347 substances.
Facilities located within the City of Toronto and reporting emissions to the NPRI in 2007 were geocoded by address in ArcMap version 9.2 (ESRI, Redlands, CA, USA). The dataset only included records classified as "facility address", not those containing the "parent company address", "technical contact address" or "public contact address". These data were verified using Google Maps to ensure that facilities located on large plots of land were accurately represented. For each facility, the list of substances reported and the mass of annual emissions in 2007 was retained.
Demographic and socio-economic variables
Several indicators from the 2006 Canadian Census were selected to characterise demographic and socioeconomic status in the City of Toronto at the census tract level (see Table 1 ). These variables were selected because they encompass a range of social and economic indicators relating to minority status, income, dwelling tenure, education and employment status. Many of these indicators have been used in other environmental justice and inequality studies (e.g. Daniels and Friedman, 1999; Mohai and Saha, 2006; Kearney and Kiros, 2009 ). Using them here may facilitate cross-jurisdictional comparison of results.
Spatial assessment of air pollution
Point density tools can be used to create a continuous surface that represents the density of a set of input features. Densities can be calculated using simple or kernel density functions. Kernel density estimation creates a composite density surface, which results in a smoother distribution of values than simple point density (Fotheringham et al., 2000) . Kernel density estimation has been used in numerous studies to model spatial processes (e.g. Corcoran et al., 2007; Wing and Tynon, 2006; Anderson, 2009 ). The density of NPRI facilities in the City of Toronto was assessed using the quadratic kernel density function in ArcMap. The radius used in the kernel density function was defined as 1 km. Density values were translated into three-dimensional (3D) surfaces for enhanced visualization.
Two alternative approaches were used to assign emissions to areal units and distinguish populations that are potentially affected by NPRI facilities from those that are not. The first method is the unit-hazard approach, where census tracts containing one or more NPRI facilities were identified as host units through point-in-polygon overlay ( Fig. 1a ) in ArcGIS. The second is the distance-based approach with the centroid containment method. Buffers of 1 km and 2 km radii, respectively, were drawn around the NPRI facilities in ArcGIS. The "select by location" function was used to identify the census tracts whose centroids were located inside each buffer and define them as host tracts (Fig. 1b ). These two distances were chosen to correspond to those used in environmental justice studies conducted in the USA (Neumann et al., 1998; Abel 2008; Kearney and Kiros, 2009) and to approximate the dimensions of Toronto census tracts (average area = 1.2 km 2 ).
Quantifying emissions using mass and toxicity
The relative human health risk from NPRI emissions in Toronto was characterised using the toxic equivalency potential (TEP) scoring system. TEP scores are used by a number of organisations both in North America (Scorecard, Commission for Environmental Cooperation [CEC]) and internationally, e.g. the Queensland Environmental Protection Agency in Australia) and address the fact that the health risk posed by identical quantities of two different chemicals can vary substantially based on their respective toxicities and potential for human exposure (McKone, 1993; US Environmental Protection Agency, 1997; Hertwich et al., 2001; Pennington and Bare, 2001) . A chemical's TEP is the ratio of risk posed by a onepound release of the substance relative to the risk posed by a one-pound release of a reference chemical. For carcinogens, the reference chemical is benzene; for non-carcinogens, it is toluene. TEPs can then be multiplied by the mass of a chemical release, which results in a unit-less TEP score, allowing emissions of individual substances to be characterised and compared in terms of their risk to human health.
TEP scores for multiple releases can be summed to arrive at a single TEP score for a source with emissions of more than one substance. This enables facilities with multiple emissions to be compared with one a The term "visible minority" has been criticised as discriminatory (United Nations Committee on the Elimination of Racial Discrimination, 2007), and inadequate given the different levels of education, work experience, degrees of assimilation and discrimination in the Canadian labour market (Hum and Simpson, 2000) . However, the variable "visible minorities" -defined as 'persons, other than Aboriginal peoples, who are non-Caucasian in race or non-white in colour' (Statistics Canada, 2010) -is considered a valid tool for studying aspects of race-based inequities (Bauder, 2001) and may be the best data available for Toronto. As many agencies prefer the concept of racialization ("the process by which societies construct races as real, different, and unequal in ways that matter to economic, political and social life" (Commission on Systemic Racism in the Ontario Criminal Justice System, 1995)), we use the terms visible minority and racialized community interchangeably in the remainder of this paper. another in terms of their risk to human health. When summing TEP scores for sources with multiple emissions, carcinogen and non-carcinogen TEP scores are kept separate. This reflects classical health risk assessment practice (National Research Council, 1994) and an appreciation that different modes of action may underlie development of cancer and non-cancer health outcomes. While non-carcinogens are considered "safe" below specific exposure thresholds, carcinogens are thought to pose a risk at any level of exposure. For the present research, the emissions from each Toronto facility were characterised in terms of the mass of annual emissions; TEP score of annual carcinogenic emissions; and TEP score of annual non-carcinogenic emissions. Derived from facility locations and facility-specific emissions, each Toronto census tract was then characterised in terms of: (i) presence and density of facilities; (ii) total mass of annual emissions summed across its facilities per km 2 ; (iii) TEP score of annual carcinogenic emissions summed across its facilities per km 2 ; and (iv) TEP score of annual non-carcinogenic emissions summed across its facilities per km 2 . Facilities and census tracts were then ranked according to each set of scores.
Analysis procedure
The analysis was conducted in four stages. Firstly, the spatial patterns of airborne industrial emissions in Toronto were visually assessed according to the above four measures: location of facilities, mass of emissions, and TEP scores for carcinogenic and non-carcinogenic substances. Kernel densities were mapped using 3D representation. The unit-hazard approach was then used to aggregate and map TEP scores by census tracts in order to avoid double-counting of facilities located near multiple census tracts. Secondly, socio-economic characteristics of host tracts were compared to nonhost tracts using a t-test on mean values and host tract definitions according to the two spatial assessment approaches. For variables with skewed distributions, the t-tests were calculated after square-root transformation. Thirdly, the population characteristics of census tracts in proximity to the greatest emitters were compared to those of all other host tracts. For this stage, the 10 greatest emitters were defined separately by mass, carcinogen TEP score and non-carcinogen TEP score. And fourthly, census tracts that suffer a double burden of potential pollution exposure and racial or socio-economic disadvantage were identified. The double burden was defined by proximity to the ten most toxic facilities as well as the quintiles of census tracts with the largest proportions of minority and low-income populations.
Results
Spatial distribution of air pollution in Toronto
In Toronto, 233 facilities reported air releases to the NPRI in 2007. The total reported annual pollutant mass by facility ranged between 0.00001 and 896.4 tonnes (median = 7.5 tonnes). Thirty-nine facilities emitted carcinogens, with facility-specific carcinogen TEP scores ranging from 0.00003 to 345.6 (median = Fig. 1. (a) The unit-hazard approach selects only census tracts that contain an NPRI facility; (b) The distance-based approach selects census tracts whose centroid is within a specified distance of an NPRI facility. 0.8), while 225 facilities emitted non-carcinogens, with facility-specific non-carcinogen TEP scores ranging from 0.009 to 67056.0 (median = 24.7).
The 3D maps in Fig. 2 show the kernel density estimation for facility count, mass of emissions and toxicity of emissions. Facility count ( Fig. 2a ) and mass of emissions (Fig. 2b) show markedly different spatial patterns than toxicity measured by the density of carcinogen ( Fig. 2c ) and non-carcinogen ( Fig. 2d ) TEP scores. By facility count, density peaks are located in the downtown core and in the northwest area of Toronto. When mass of emissions is considered, the highest peaks are in the northwest and southwest parts of the city. In contrast, TEP score densities for carcinogenic and non-carcinogenic substances are highest to the east of the Don Valley Parkway, while densities in the western part of Toronto are close to zero. Fig. 3 shows emissions data aggregated to the census tract level under four different criteria: (i) facility density; (ii) mass of emissions; (iii) carcinogen TEP score; and (iv) non-carcinogen TEP score. The top ten census tracts in each category are also highlighted. There are 72 census tracts (13.6%) in Toronto that have at least one NPRI facility. Among these, the density of facilities averages 1.6 per km 2 (SD=1.8). In the facility density map (Fig. 3a) , there is only one census tract that coincides with the top 10 census tracts in the carcinogen TEP score map (Fig. 3c) , and only two census tracts that coincide with the top 10 census tracts in the noncarcinogenic TEP score map (Fig. 3d ). In particular we note that the cluster of top 10 census tracts in 
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Toronto's downtown core that have a high density of facilities ( Fig. 3a) and mass of emissions per km 2 (Fig.  3b) are not highlighted when the toxicity density of releases is considered ( Figs. 3c and 3d ).
Comparing socio-economic status of host and nonhost census tracts
When host census tracts defined by the unit-hazard approach were compared to non-host tracts, a significantly higher proportion of visible minorities (+8.1%) were found in host tracts (P = 0.006). Socio-economic status, represented by the proportion of individual incomes below the after-tax low-income cut-off (LICO), was virtually equal in host (18.3%) and nonhost census tracts (18.6%) (see Table 2 ).
When the distance-based approach was applied using a 1 km buffer, the visible minority, low income and low educational attainment indicators were all significantly higher (P <0.05) in host census tracts. Disparities among all demographic and socio-economic variables increased when the 2 km buffer was applied (see Table 2 ). Residential population with visible minority status averaged 49.5% within 2 km of an NPRI facility, compared to 33.4% elsewhere (t(521) = 7.2, P <0.001), while the low-income rate was 5.1% higher in host tracts (t(522) = 6.0, P <0.001). The percentage of recent immigrants, people not speaking English, those with low educational attainment, rented dwellings and those unemployed were also significantly higher (P <0.05) in host tracts using a 2 km buffer. (C) TEP score per km 2 (carcinogens); (D) TEP score per km 2 (non-carcinogens), aggregated to the census tract level using the unit-hazard approach. Census tracts represented by cross-hatches contain the 10 highest values, while unshaded census tracts do not contain an NPRI facility.
Comparing census tracts within 2 km of the highest emitters to all other host tracts
The population characteristics of census tracts within a 2 km radius of the 10 largest emitters by mass and by TEP score were compared to census tracts within a 2 km radius of all other NPRI facilities (Table 3 ). The visible minority and low educational attainment variables were significantly higher (by 10.9% and 5.7%, respectively, P <0.05) in census tracts within 2 km of the 10 highest emitters by mass, while management occupation was significantly lower by 2.3% (t(72) = 4.1, P <0.001).
The Filipino (+3.0%, t(142) = 3.9, P <0.001) and business occupation (+1.9%, t(142) = 2.9, P = 0.004) variables were the only two indictors with significantly higher percentages among host tracts for the top 10 facilities by carcinogen TEP score compared to census tracts within 2 km of all other NPRI facilities releasing carcinogenic substances, while the low-income variable was significantly higher among non-host census tracts (+3.1%, t(104) = 2.1, P = 0.04). However, the proportion of visible minority residents was 12.9% higher (t(352) = 3.5, P <0.001) in census tracts that are located within 2 km of the 10 most toxic facilities by noncarcinogenic TEP score compared to the proportion of visible minorities living within 2 km of all other host census tracts. The presence of South Asians and Filipinos was 12.2% (t(50) = 4.6, P <0.001) and 1.7% (t(352) = 2.9 P = 0.004) greater in the 10 most toxic host census tracts by non-carcinogenic TEP score respectively, compared to the percentage living within 2 km of all other host tracts. The proportion of recent immigrants and children was also significantly higher (P <0.05) in the most toxic non-carcinogenic host tracts. Neither low-income status, non-English speaking people, rented dwellings, seniors or unemployment were significantly higher in census tracts with the most toxic facilities or facilities emitting the greatest mass of emissions, as compared to other host tracts.
Identifying census tracts with a double burden
To identify areas in Toronto that may experience a double burden of toxic emissions and a high proportion of populations facing inequities, we identified the host tracts by the distance-based approach (2 km buffers) around the five most toxic facilities by car-cinogen and non-carcinogen TEP score, and overlaid census tracts in the highest quintiles for the visible minority and low-income indicators.
One facility was in the top five by TEP score for both carcinogenic and non-carcinogenic substances. Five of the nine most toxic facilities identified in Fig. 4 (facilities C, D, E, F and G) are within 2 km of census tracts where high proportions of visible minorities and low-income persons coincide; these census tracts are represented by both shading and crosshatches (Fig. 4) . Facilities A and B in the northwest part of the city and facility H in the northeast are located within 2 km of census tracts in the highest quintile by visible minority status, however these are not identified as low-income areas, and thus do not meet the "double burden" criterion. Facility I is not located in proximity to high values of either of the indicators of socio-economic burden.
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Discussion
Inequitable exposure to toxic air pollution
Our findings show that there are issues of environmental injustice in the City of Toronto with respect to the location, mass and toxicity of industrial sources of air pollution. "Racialized" communities and neighbourhoods with low socio-economic status are often located in proximity to NPRI facilities. Furthermore, "racialized" communities are disproportionately located near facilities that release both large quantities and the most harmful pollutants. We note in particular the results related to "racialization", which have not been found in Toronto before. The disparities are greatest when considering facilities emitting non-carcinogenic substances, where the average visible minority population is 60.4% within 2 km of a top-10 facility compared to 47.5% within 2 km of all other facilities. When considering the four largest visible minor-ity groups in Toronto by population, the South Asian and Filipino populations have significantly higher percentages of being located within 2 km of NPRI facilities emitting the most toxic non-carcinogenic substances.
Environmental justice studies based in the USA have also found a higher proportion of minorities near hazardous facilities (Ash and Fetter, 2004; Pastor et al., 2004) , which supports the notion posited by Buzzelli and Jerrett (2004) that "environmental racism" may be a more appropriate term than environmental justice to describe disparities. This is despite the fact that residential segregation is not found to the same degree in Canadian urban areas as it is in the USA (Walks and Bourne, 2006) .
This study emphasises the importance of including measures of toxicity when developing pollution prevention strategies. The toxicological characteristics of emissions affect the health risk posed by large industrial facilities, thus influencing priority locations for public health policy. Public health efforts are focused on improving the health of the whole population and on reducing health inequalities. Evidence suggests that those facing inequities are already at higher risk of adverse health outcomes. Our approach of mapping the most toxic facilities with census tracts in the highest quintile by low income and visible minority status offers a way to locate where those inequities are compounded by potentially harmful exposures. By focusing efforts on areas that are most vulnerable, inequities are reduced and pollution exposure is minimised.
Many environmental justice studies do not consider exposure to pollutants but are limited to the locations of hazardous facilities (Sheppard et al., 1999; Saha and Mohai, 2005; Kearney and Kiros, 2009 ). Those studies assume that distance from an emission source is a reliable proxy for human exposure (Jerrett et al., 2005) . Such proximity analysis does not consider the relative amounts of various substances emitted, their fate and transport characteristic or their toxicological properties.
Land use patterns and housing affordability are two converging factors that may help explain why individuals with low socio-economic status are differentially exposed to the potential health impacts of large industrial facilities (Crouse et al., 2009 ). Poorer individuals from segregated minority groups may be doubly disadvantaged in the housing market and may be forced to reside in the most disadvantaged neighbourhoods (Fong and Shibuya, 2000) . Furthermore, there is a greater propensity for "racialized" neighbourhoods to experience higher unemployment and low income rates than other neighbourhoods (Hou and Picot, 2003) , although this may be because approximately one third of "racialized" groups are recent immigrants (Hou and Picot, 2004) .
Limitations
This study is not without limitations. Although we used two different approaches to defining host tracts, and the distance-based approach also used two different buffer distances, all of these variants still include dramatic simplifications of potential human exposure. For example, directional effects of air pollution due to weather and climate, the effect of stack height, or the temporal patterns of releases are not taken into account. Other parameters in the analysis tools could also influence the outcomes of this research. Specifically, the selection of different administrative boundaries, socio-economic variables or different thresholds for the greatest polluters could yield dis-tinct associations between air pollution and population characteristics.
We also have to acknowledge that air pollution from large industrial sources represents only a fraction of all air pollutants across the City of Toronto. Emissions from residential homes, small and medium businesses, mobile and trans-boundary sources also contribute to ambient levels of air pollution. While environmental justice research in the past has been primarily concerned with industrial air pollution sources, there is a growing consensus that all point and mobile sources should be included in future studies (Maantay, 2002; Pastor et al., 2005) , especially in light of the importance being placed on assessing the effects of cumulative exposure to multiple pollutants.
Conclusions and outlook
The objective of this study was to explore whether residential proximity to large industrial air pollution sources in the City of Toronto emitting the most toxic substances is associated with low socio-economic or minority status. Considering both mass and toxicity of emissions as well as social and economic inequities, we were able to characterise neighbourhoods which are exposed to the most harmful industrial airborne emissions. Given the limited affordable housing choices available to lower income groups in large cities such as Toronto, it is vital to protect the population from exposure to toxic substances wherever they live. By explicitly addressing vulnerable populations, these results support effective and equitable priority setting for pollution prevention.
The City of Toronto's ChemTRAC programme, which requires small and medium businesses in Toronto to report air releases of 25 priority substances as of 2010 (Toronto Public Health, 2009), will supplement data collected by the NPRI to provide more comprehensive information regarding the distribution of air pollution sources across Toronto. In the context of the ChemTRAC programme, the analysis presented in this study will also provide Toronto Public Health with an indication of areas in Toronto where pollution prevention strategies may be prioritised.
While the relationship between distance to an NPRI facility in the City of Toronto and actual exposure to pollution remains unknown, there are other negative impacts common to neighbourhoods surrounding industrial facilities including noise, traffic, contaminated soil, odours, fewer amenities and poorer quality housing (Perlin et al., 1999) . Population health approaches suggest that health is based on complex interactions among many factors. The type of analysis presented here, which combines potential exposure and increased vulnerability, is one step towards understanding the extent to which health is linked either directly or indirectly to living near an industrial facility in a major city.
